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Abstract
Background: To gain more understanding of the potential health effects of sedentary time, knowledge is required
about the accumulation and longitudinal development of young people’s sedentary time. This study examined
tracking of young peoples’ total and prolonged sedentary time as well as their day-to-day variation using the
International Children’s Accelerometry Database.
Methods: Longitudinal accelerometer data of 5991 children (aged 4-17y) was used from eight studies in five
countries. Children were included if they provided valid (≥8 h/day) accelerometer data on ≥4 days, including ≥1
weekend day, at both baseline and follow-up (average follow-up: 2.7y; range 0.7–8.2). Tracking of total and
prolonged (i.e. ≥10-min bouts) sedentary time was examined using multilevel modelling to adjust for clustering of
observations, with baseline levels of sedentary time as predictor and follow-up levels as outcome. Standardized
regression coefficients were interpreted as tracking coefficients (low: < 0.3; moderate: 0.3–0.6; high: > 0.6).
Results: Average total sedentary time at study level ranged from 246 to 387 min/day at baseline and increased
annually by 21.4 min/day (95% confidence interval [19.6–23.0]) on average. This increase consisted almost entirely of
prolonged sedentary time (20.9 min/day [19.2–22.7]). Total (standardized regression coefficient (B) = 0.48 [0.45–0.50])
and prolonged sedentary time (B = 0.43 [0.41–0.45]) tracked moderately. Tracking of day-to-day variation in total
(B = 0.04 [0.02–0.07]) and prolonged (B = 0.07 [0.04–0.09]) sedentary time was low.
Conclusion: Young people with high levels of sedentary time are likely to remain among the people with highest
sedentary time as they grow older. Day-to-day variation in total and prolonged sedentary time, however, was rather
variable over time.
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Background
Children and adolescents spend the main part of their
waking hours sedentary [1–3], and their sedentary time is
consistently found to increase with age [4, 5]. Cooper
et al. [6] for example reported in their cross-sectional
study that daily sedentary time of adolescents aged 17–18
years is approximately 25% higher compared to children
aged 5–6 years. In young people, some evidence indicates
that sedentary time, and in particular TV viewing time, is
associated with an increased risk for overweight and de-
creased fitness [7] but evidence for health effects of young
people’s sedentary time is in general inconclusive [7, 8]. In
order to gain more understanding of potential health ef-
fects of sedentary time, more knowledge is needed about
the accumulation of sedentary time and how levels of sed-
entary time evolve over time. Childhood may be a critical
period for the development of sedentary behaviour habits
[4, 9]. This highlights the need for a better understanding
of how young people’s sedentary time tracks longitudin-
ally. Tracking of sedentary time refers to the degree in
which current time spent sedentary can predict time spent
sedentary at a later timepoint [10]. If tracking is high,
people are likely to retain their rank for sedentary time
within the population over time.
Systematic reviews typically find moderate tracking of
young people’s sedentary behaviour [9, 11, 12]. However,
the existing literature presents two main limitations. First,
most studies examine tracking of TV viewing and screen
time [9, 11, 12], which are not representative of total sed-
entary time [13]. Only four previous studies examined
tracking of objectively-assessed total sedentary time in
young children, children or adolescents [4, 14–16] and
found fair-to-moderate tracking of sedentary time, except
for the study of Kelly et al. [16] in which low tracking of
sedentary time was found in young children during the
preschool-to-school transition period. Large scale inter-
national studies examining tracking of objectively mea-
sured sedentary time, using a diverse study population are
currently lacking. A second limitation of the exisiting lit-
erature is the limited evidence on tracking of the pattern in
which total sedentary time is accumulated. Recent experi-
mental [17, 18] and epidemiological studies [19–21] in
young people suggest that not only total sedentary time
but also the extent to which sedentary time is accumulated
in prolonged bouts (i.e. prolonged sedentary time) might
be important for health. We have identified only two previ-
ous studies examining tracking of sedentary bouts; both of
which examined the number of sedentary bouts [4, 15].
Janz et al. [15] found that tracking of the number of seden-
tary bouts (defined as bouts ≥5min) was slighty lower than
tracking of total sedentary time, although tracked moder-
ately. Janssen et al. [4] found that tracking coefficients for
the number of bouts ranged between 0.06–0.52, depending
on bout length, age of children and follow-up duration.
Tracking of the total time accumulated in bouts has not
been examined before, but might be more directly related
to health than the number of sedentary bouts per se [22].
Another approach to examine accumulation of sedentary
time is to look at variation in sedentary time between
multiple days (i.e. day-to-day variation). Generally, the
average sedentary time is calculated over multiple days, but
no previous studies examined tracking of day-to-day vari-
ation in sedentary time. Insight in how sedentary time is
accumulated throughout the week and how this day-to-day
variation tracks over time may be important to inform in-
terventions targeting sedentary behaviour: e.g. by providing
more precise intervention settings and time windows.
This present study therefore aims to examine tracking
of total sedentary time, prolonged sedentary time (defined
as time accumulated in sedentary bouts ≥10min) and day-
to-day variation in total and prolonged sedentary time
during childhood, in a large international sample. Previous
research indicates that sedentary time and the rate of
change in sedentary time may be different for boys and
girls and during different phases of childhood and adoles-
cence (e.g. during childhood and the transition from child-
hood to adolescence) [4, 6]. Therefore, the moderating
effects of gender and age group were examined.
Methods
Study design and participants
Data were obtained from the International Children’s
Accelerometry Database (ICAD, http://www.mrc-epid.
cam.ac.uk/research/studies/icad). The ICAD was estab-
lished to pool data from studies conducted around the
world using the Actigraph accelerometer to objectively
measure young people’s sedentary time and physical ac-
tivity. A detailed description of the ICAD including aims,
design and methods can be found elsewhere [23]. The
full database contains data of approximately 37,000 chil-
dren (aged 3–18 years) from 20 studies in 10 countries.
For the purpose of the present study, data were extracted
from eight observational studies with longitudinal data
available (total N = 14,098; Table 1 [24–32]). The eight in-
cluded studies were conducted in five different countries
and data were collected between 1997 and 2011. Five
studies had two waves of data collection, two studies had
three waves and one study had four waves of data avail-
able. All included studies obtained relevant ethical ap-
proval and appropriate consent.
Measurements
All studies used waist-worn uniaxial Actigraph acceler-
ometers (models 7164, 71,256 and GT1M; Pensacola,
FL, USA), which have acceptable validity for estimating
sedentary time in youth [33, 34]. Raw accelerometer data
was re-processed centrally (pampro, Github repository).
Higher resolution data was reintegrated to 60 s epoch
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resolution, epochs with an intensity > 30,000 cpm were
classified as non-valid and time between midnight and 7
am was discarded. Non-wear time was defined as bouts
≥60min of consecutive zeros, allowing no tolerance time
[35]. A day was defined as valid when the accelerometer
was worn for ≥480min (between 7 am and midnight). Par-
ticipants were included in the analysis when they provided
valid data for at least 4 days, including at least 1 weekend
day, both at baseline and at least one follow-up assessment.
Total sedentary time was calculated using a cut-point of <
100 counts per minute (CPM) [36, 37]. Prolonged uninter-
rupted sedentary time was defined as sedentary time accu-
mulated in bouts of at least 10 consecutive minutes at <
100 CPM [35], allowing no tolerance for interruptions [38].
There is currently a lack of consensus on definitions of pro-
longed sedentary time. We based our decision to use ≥10
min as criteria of prolonged sitting on the paper of Alten-
burg et al. [35]. This paper pointed out that bouts of ≥20
min are very rare in children. Although bouts of ≥5min are
very common in children, it is unlikely that such short sed-
entary bouts have health effects. Therefore, we chose ≥10
min to define prolonged sedentary time.
Day-to-day variability in total sedentary time, and in
prolonged uninterrupted sedentary time (min/day), was
calculated as the sum of absolute differences between
the values for each measurement day (xi) and the mean
value (x ), divided by the number of days on which the
accelerometer was worn (N) and was calculated for each
individual participant.
P
xi−xj j
N
Moderate-to-vigorous intensity physical activity (MVPA)
was calculated for descriptive purposes, using a cut-point of
≥3000 CPM [39]. Body mass index (BMI, in kg/m2) was
calculated for descriptive reasons as well and expressed as
z-scores (BMI z-score) based on gender and age using
World Health Organisation reference data [40]. Informa-
tion on participants’ body height and body weight was lack-
ing from SPEEDY wave 2, but was available for all other
studies and waves. BMI z-score was therefore not reported
for SPEEDY wave 2.
Statistical analyses
Study and wave specific descriptive characteristics were cal-
culated using SPSS 20.0 (SPSS, Inc., Chicago, IL, USA). For
all analyses, Individual patient data (IPD) meta-analyses
were performed. Because the ICAD data is hierarchical,
multilevel lineair regression modelling with a 4-level struc-
ture (country, study, child and repeated observations within
the child) was used for all analyses to adjust the regression
coefficients for clustering of observations. In order to
estimate the annual change (expressed in minutes/day) in
total sedentary time, prolonged sedentary time and their
day-to-day variation, time was added to the multilevel
model. The analyses were adjusted for wear time due to dif-
ferences across children. For tracking analyses, baseline
levels for sedentary time or its day-to-day variation were
used as independent variables and the follow-up measure-
ments were used as outcome. If there was more than one
follow-up measurement available, data of all follow-up mea-
surements were included in the model. Regression coeffi-
cients for baseline levels can be interpreted as longitudinal
tracking coefficients. Tracking coefficients were standard-
ized to maximize comparison with other tracking coeffi-
cients; standardized coefficients therefore range between 0
(no tracking) and 1 (perfect tracking). Tracking was defined
as low when the standardized coefficient was < 0.3; moder-
ate 0.3–0.6; and high > 0.6 [10, 41]. ‘No evidence of track-
ing’ was assigned when the association between baseline
and follow-up levels (i.e. the tracking coefficient) had a p ≥
0.05. Tracking analyses were adjusted for wear time, base-
line age, gender and follow-up duration. Moderating effects
of gender and age group were examined in separate models
by adding interaction terms. For interaction terms at p <
0.05, tracking analyses were stratified. The variable “age
group” consisted of two categories: (1) children (age at
baseline and follow-up ≤12 years) and (2) transition from
childhood to adolescence (baseline ≤12 years, follow-up >
12 years). Adolescence (age at baseline and follow-up > 12
years) was not included as a category because only 6 partic-
ipants belonged to this group. Tracking analyses were con-
ducted using MLwiN version 2.22.
Results
Data from 14,098 participants was available at baseline, of
which 11,284 participants (80%) had valid baseline acceler-
ometer data. Five thousand nine hundred ninety-one par-
ticipants (46% boys) provided valid accelerometer data at
both baseline and at least one follow-up and were in-
cluded in the analyses. Table 1 presents the participant
characteristics per study. Participants were on average
10.3 years old at baseline (range: 4.7–15.0 years). Partici-
pant’s follow-up duration ranged between 0.7–8.2 years
and was 2.7 years on average. Age of children at follow-up
ranged from 7.6 to 17.7 years. At baseline, total sedentary
time at study level ranged from 246 to 387min/day on
average. Prolonged sedentary time at study level ranged
from 81 to 183min/day on average, representing 33–50%
of total sedentary time. Baseline levels of day-to-day vari-
ation in total and prolonged sedentary time at study level
ranged from 41 to 55min/day and from 32 to 48min/day,
respectively. For example, a day-to-day variation in total
sedentary time of 41min can be interpreted as, children’s
daily time spent sedentary varied by 41min from their
mean weekly sedentary time.
Ekris et al. International Journal of Behavioral Nutrition and Physical Activity           (2020) 17:65 Page 5 of 10
Results of the multilevel analyses indicated that total
sedentary time increased on average by 21.4 min/day
[95% confidence interval (95 CI): 19.9–23.0] for each
additional year of follow-up and prolonged sedentary
time by 20.9 min/day [95 CI: 19.2–22.7]. Day-to-day
variation in total sedentary time increased on average by
2.3 min/day [95 CI: 1.8–2.9] for each additional year of
follow-up and day-to-day variation in prolonged seden-
tary time increased by 3.4 min/day [95 CI: 2.8–4.0].
Table 2 shows the results of the tracking analyses.
Total (B = 0.48 [95 CI: 0,45; 0.50]) and prolonged (B =
0.43 [0.41; 0.45]) sedentary time tracked moderately in
the total sample, while tracking of day-to-day variation
in total (0.04 [0.02; 0.07]) and prolonged (0.07 [0.04;
0.09]) sedentary time was low. Regarding differences by
gender, interaction terms revealed differences with a P <
0.05 for total and prolonged sedentary time, but these
differences were small in size with slightly higher track-
ingcoefficients for boys (total: 0.51 [0.47; 0.55], pro-
longed: 0.46 [0.42; 0.49]) than for girls (total: 0.45 [0.42;
0.48], prolonged 0.42 [0.39; 0.44]. Tracking of day-to-day
variation in total and prolonged sedentary time did not
differ for boys and girls.
Regarding differences by age group, interaction terms
revealed differences with a P < 0.05 for total sedentary
time and day-to-day variation in prolonged sedentary
time. Stratified analyses demonstrated that tracking of
total sedentary time was high during childhood (0.62
[0.57; 0.67]) and moderate during the transition from
childhood to adolescence (0.44 [0.42; 0.46]). We found
no evidence for tracking of day-to-day variation in pro-
longed sedentary time during childhood (0.02 [− 0.03;
0.06]), and low tracking in prolonged sedentary time
during the transition from childhood to adolescence
(0.09 [0.06; 0.12]). Tracking of prolonged sedentary time
and tracking of day-to-day variation in total sedentary
time was similar for both age groups (p-values for inter-
action were 0.22 and 0.14, respectively).
Discussion
Total and prolonged sedentary time tracked moderately
in young people, while tracking of day-to-day variation
in total and prolonged sedentary time was low. Tracking
of total sedentary time was higher during childhood than
during the transition from childhood to adolescence.
Tracking of total and prolonged sedentary time was
slightly higher for boys than for girls. Tracking of day-
to-day variation was similar for boys and girls.
Our finding that total sedentary time tracked moderately
in young people is consistent with previous smaller scale
studies that assessed sedentary time objectively [4, 14, 15].
In contrast, Kelly et al. [16] reported low tracking, but this
study was conducted in preschool-aged children. Our find-
ing of moderate tracking of total sedentary time is also in
line with the conclusions from systematic reviews including
mainly studies on TV viewing and screen time [9, 11, 12].
We found that total sedentary time increased on average by
21.4min/day for each additional year of follow-up. A novel
finding is that this increase was almost entirely due to an
increase in prolonged sedentary time (> 10min bouts; 20.9
min/day for each additional year). The study of Janssen
et al. [4] reported a comparable, although slightly higher,
increase in total sedentary time of 24min per year. Tanaka
et al. [5] reported in their review a higher increase of 30
min per year. Factors that may have influenced these differ-
ences in annual increase of total sedentary time are differ-
ences across studies in age of the included children, follow-
Table 2 Tracking of total and prolonged sedentary time and their day-to-day variation
Total sedentary time Prolonged
sedentary time
Day-to-day variation in
total sedentary time
Day-to-day variation in
prolonged sedentary time
Total samplea (n = 5991) 0.48 [0.45; 0.50]
p < 0.0001
0.43 [0.41; 0.45]
p < 0.0001
0.04 [0.02; 0.07]
p < 0.0017
0.07 [0.04; 0.09]
p < 0.0001
Moderation by genderb
Boys (n = 2757) 0.51 [0.47; 0.55]
p < 0.0001
0.46 [0.42; 0.49]
p < 0.0001
Girls (n = 3234) 0.45 [0.42; 0.48]
p < 0.0001
0.42 [0.39; 0.44]
p < 0.0001
Moderation by age groupc
During childhood (n = 1919) 0.62 [0.57; 0.67]
p < 0.0001
0.02 [−0.03; 0.06]
P = 0.21
During transition from
childhood to adolescence
(n = 4050)
0.44 [0.42; 0.46]
p < 0.0001
0.09 [0.06; 0.12]
p < 0.0001
Values are standardized regression coefficients with 95% confidence intervals. Tracking was defined as low when the standardized coefficient was < 0.3; moderate
0.3–0.6; and high > 0.6 ‘No evidence of tracking’ was assigned when the association between baseline and follow-up levels had a P ≥ 0.05
aAnalyses were adjusted for gender, follow-up duration and baseline age. b Analyses were adjusted for follow-up duration and baseline age. c Analyses were
adjusted for gender and follow-up duration. When interaction terms for moderating effects had a p < 0.05, stratified tracking analyses are reported
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up duration, included countries as well as accelerometer
data reduction criteria.
We observed slightly lower tracking of sedentary time
during the transition from childhood to adolescence than
during childhood. This may be partly explained by chil-
dren moving from primary to secondary school during the
follow-up period. School transition is accompanied by
changes in young people’s social and school environment
that may explain the larger changes and variability in
sedentary time [42, 43], thereby lowering tracking of
sedentary time during the transition from childhood to
adolescence. In some countries, however, such as the UK,
children already attend secondary school at 12, whereas in
other countries, children at this age are still in primary
school. Some participants included in the ‘child’ age group
would have therefore moved from primary to secondary
school during follow-up, which may have attenuated the
tracking estimate for the child age group.
Average total sedentary time at study level ranged
from 243 to 375 min/day at baseline for boys and from
250 to 393 min/day at baseline for girls. Prolonged sed-
entary time at baseline ranged between 81 and 171 and
82–206 min/day, repespectively for boys and girls. Al-
though average total and prolonged sedentary time at
baseline was slightly higher for girls than for boys, track-
ing of total and prolonged sedentary time was similar for
boys and girls, with slightly higher tracking coefficients
for boys. This is in line with the reviews of Biddle et al.
[9] and Pearson et al. [12] who concluded little evidence
for gender differences in tracking of sedentary behav-
iour. One previous original study examined gender dif-
ferences in tracking of accelerometer-assessed sedentary
time and found similar tracking coefficients for boys and
girls as well [15]. This suggest that tracking of sedentary
time is similar for boys and girls.
Tracking of the day-to-day variation in total and pro-
longed sedentary time was low, with tracking coefficients
close to zero. Thus, average values of total and prolonged
sedentary time calculated over multiple days track over
time, but the day-to-day patterns from which these daily
averages are estimated track poorly in young people. This
suggests that young people accumulate their sedentary
time differently during the week but retain their rank for
average total and prolonged sedentary time within the
population. The poor tracking of day-to-day patterns in
children implicates that sedentary behavior is variable and
may therefore be targeted by interventions focusing on
various types and settings of sedentary behavior through-
out the day and week. Studies on the occurrence and day-
to-day variability of specific types of children’s sedentary
behavior are recommended to provide more insight in
their sedentary patterns.
Our finding that total and prolonged sedentary time
increase with age and track moderately over time
suggests that sedentary behaviour already becomes habi-
tualized during childhood. Studies with a long follow-up
period are recommended to examine the degree to
which young people’s total and prolonged sedentary
time track into adulthood.
One key strength of this study is the large harmonised
international dataset including accelerometer data. This
allowed us to apply consistent data reduction decisions
across the different studies included. This study is the
first to examine tracking of prolonged sedentary time
and the day-to-day variation in total and prolonged sed-
entary time. However, a limitation may be the limited
representativeness of our study population, caused by
multiple factors. First, the ICAD-data is not globally rep-
resentative and data from the UK was relatively overrep-
resented in this analysis. Moreover, data from individual
studies may not be nationally representative due to
sampling strategies, non-response, loss to follow-up and
baseline samples with valid accelerometer data being dif-
ferent from total study samples. In the present analysis,
less than 50% of the participants with valid accelerom-
eter data at baseline also had valid accelerometer data
on at least one follow op measure. Therefore, results
should be interpreted and generalised with caution.
Conclusion
In this international sample of children and adolescents,
sedentary time and prolonged sedentary time track mod-
erately in young people while tracking of day-to-day vari-
ation in total and prolonged sedentary time was low. This
suggests that young people keep their rank within the
population moderately stable but the day-to-day pattern
in which they accumulate their sedentary time varies over
time. Total sedentary time increased on average by 21
min/day per year and this increase consisted almost com-
pletely of an increase in prolonged sedentary time.
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